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Of fundamental importance in the metabolism of the cell is the behavior of 
water.  Of especial interest is the giving up of water by one part of the cell to 
another as anidn ication of changes in metabolism or constitution. 
An example of this is seen in the changes in volume of the nucleus which may 
occur under normal conditions in certain cells. 
Such transfers can be produced in Nitella experimentally.  When cells  t are 
exposed to 0.5 M NaC1 the salt may penetrate the outer protoplasmic surface 
more rapidly than the inner so that water is withdrawn from the sap and  the 
protoplasm increases in volume at the expense of the vacuole. 
Another example is seen in  the decrease in volume often observed in  the 
chloroplasts of Nitella  2 under natural conditions.  This may also be produced 
experimentally. 
The normal condition of the chloroplasts is shown in Fig.  1.  They are im- 
bedded in the aqueous layer W of the protoplasm lying between the outer, non- 
aqueous surface layer of the protoplasm X, and the corresponding inner layer, 
y.s  The outer portion of the layer W  consists of a  stiff gel containing the 
chloroplasts.  The inner portion of W is liquid and is usually in active motion.  4 
When sufficient centrifugal force is applied the long rows of chloroplasts may 
separate and each row then acts as if it were a stiff gel forming a long straight 
rod of protoplasm containing a single series of chloroplasts. 
When cells, carefully removed from their natural surroundings, are brought 
into the laboratory and examined it is often possible to find areas where the 
chloroplasts have  contracted  to  form spherical  (or  nearly  spherical)  bodies 
(Fig.  1).  Since  the  diameter  of the  sphere is  not  greater  than  the  smaller 
diameter of the ellipsoid body of the chloroplast before contracting it is evident 
that there must be a loss of volume and a consequent transfer of water to other 
parts of the cell.  To what extent this must be attributed to injurious or patho- 
t Osterhout, W. J. V., J. Gen. Physiol., 1943-44, 27, 139. 
The observations were made on Nil.ella flexilis, Ag.  The cells were freed from 
neighboring cells and observed at once or kept in the laboratory in Solution  A (of. 
Osterhout, W. J. V., and Hill, S. E., Y. Gen. Physiol., 1933-34, 17, 87) at 15°C. :t:l°C. 
An hour before use the temperature was raised to about 25°C. 
30sterhout, W. J. V., J. Gen. Physiol., 1944-45, 9.8, 23. 
40sterhout, W. J. V., J. Gen. Physiol., 1944-45, 28, 17. 
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logical processes is an open question, as in the case of the contractions in Spiro- 
gyra to be described later. 
Such contraction may also be brought about experimentally.  For example, 
0.01 ~t lead acetate produces it in a few minutes.  After this the protoplasmic 
motion continues for 30 minutes or more.  If the cell is then washed in water 
and left for 3 days we find that the turgidity is normal and when acid fuchsin is 
applied it does not penetrate sufficiently to color the sap although some of the 
large spherical bodies in the sap may take up some color (this also happens in 
normal cells not previously exposed to reagents).  Evidently little or no injury 
has occurred.  In some cases cells were kept for 7 days under a coverglass in 
a solution of 0.01 ~r lead acetate without loss of turgidity. 
If as soon as the contraction occurs the cell is rinsed repeatedly in water and 
allowed to stand in water the chloroplast resumes its normal dimensions as an 
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FIG. 1.  A, chloroplasts of Nitella in normal state.  B, after contraction.  Diagram- 
marie. 
ellipsoid body in about 30 minutes.  If the motion is stopped by the lead ace- 
tare it is resumed after washing the cell with water. 
This  operation,  causing  contraction  and  recovery, may be repeated 4 or 5 
times on the same cell with intervals of 10 minutes in water between  the ex- 
posures to lead acetate and the cell may recover completely from the last opera- 
tion. 
If in place of 0.01 •  lead acetate we apply 0.01 ~  lead nitrate we find  little 
or no contraction.  This is perhaps less surprising in view of the fact that the 
two salts differ considerably in their chemical properties (e.g.,  in precipitating 
proteins). 
Some other substances cause contraction before death ensues, but so far none 
have been found which give such striking results as lead acetate.  Among these 
may be mentioned digitonin  5 (0.01  per cent)  which may produce contraction 
in  6  minutes  after  which  motion  may continue  for  20  minutes.  In  ferric 
chloride (0.01 ~ or 0.001 ~t) contraction may occur in 40 minutes and the motion 
may continue for a few minutes longer after which the cell dies. 
A  variety of  substances  cause  contraction  simultaneously  with  death,  as 
shown by the rapid entrance of acid dyes, such as acid fuchsin and eosin. 
5 The effect does not appear to be due to an inorganic impurity since it disappears 
when the digitonin is ashed. w.  j.  v.  OSTERaOWZ  75 
The chloroplast of Spirogyra may undergo remarkable contractions accom- 
panied by loss of water.  It may change from a long, spirally coiled ribbon to 
a short, nearly straight rod. 
Cells may exhibit various stages of contraction in their natural environment 
out-of-doors, as stated by de Vries,  s and more frequently when they are kept in 
the laboratory. 
Contractions may also be produced experimentally.  O. Loew  7 noticed that 
potassium oxalate caused a contraction of the edges of the chloroplast but did 
not observe that it produced any longitudinal contraction. 
Unaware  s of the observations of de Vries and of Loew, the writer treated 
Spirogyra with a variety of salts and obtained longitudinal contractions with 
BaCh and SrCl~  9 at low concentrations.  Later, S. S. Chien,  19 working in the 
writer's laboratory, found that  CeCI~ was  still more effective.  In all  these 
cases the contractions were caused without killing the cells. 
Later, Scarth  u made a careful study of such contractions, finding that they 
can be caused by a great variety of salts and that in general the effect tends to 
increase with the valency of the cation.  He found that contractions are also 
produced by alcohol and acetone, rise of temperature, and electric shocks. 
A species of Spirogyra which is very favorable for such studies has recently 
become available to the writer and it is upon this that the following observations 
are based. 
These have been greatly aided by a device which enables us to keep the same in- 
dividual cell under observation during changes of solutions.  A sheaf containing 1 to 
10 filaments  was placed lengthwise along the center of a slide and held securely in 
place at each end by placing upon it a drop of liquid gelatin (20 per cent) warmed to 
29"C.  The gelatin quickly cooled, fastening the filaments in place and the temper&- 
ture of 29°C. did not alter the cells except perhaps in some cases those very close to the 
gelatin.  In,some cases a third drop was placed midway between the other two, leaving 
room for a coverglass  (3/4 inch square) on each side of the central drop of gelatin. 
This makes it possible to apply different ~olutions to the same filament on opposite 
sides of the central drop of gelatin. 
e de Vries, H., Bet. de~sch, bot. Ges., 1889, 7, 19. 
7 Loew, O., Physiological  role of mineral nutrients,  U. S. Dept.  Agr/c.,/~sion 
Vegetable Physiol. and Path., Bull. 18, Washington, 1899. 
s For a knowledge of the observations of de Vries and of Loew the writer is indebted 
to the papers of Scarth. 
90sterhout, W. J. V., Am. J. Bot., 1916, 9, 481. 
10 Chien, S. S., Bot. Gaz., 1917, 68, 406.  In Fig. 2 of this paper the words "large 
form, crassa type, pyrenoids omitted" should be transferred from Fig. 2 to Fig. I.  In 
the summary "CeCIl" should read "CaClz." 
11 Scarth, G. W., Tr. Ray. Soc. Canada, Section V, 1922,16, 51; 1923,17, 137; Quart. 
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Lines were scratched across the slide at intervals by means of a diamond and num- 
bered to facilitate the location of individual cells. 
The solutions in contact with  the cells  could be changed without removing the 
coverglass by placing filter paper at one side and adding solution at the other.  To 
make sure of good irrigation a little dye may be added to each new solution. 
The acid fuchsin and eosin were made by the National Aniline Co. 
The results are very variable, depending on the season of the year, the period of 
standing in the laboratory, and the medium.  In many cases distilled water proved a 
good medium in which to keep the cells in the laboratory, in other cases a saturated 
solution of CaCOa or Solution AY 
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FIo. 2.  A, cell of Spirogyra in normal state.  B, after contraction of the chloroplast 
produced by 0.01 x, BaCI2 (without plasmolysis).  Pyrenoids omitted.  Diagrammatic. 
A  normal cell is shown in Fig.  2  (in  many  cells  the  spiral  is  less  loosely 
wound than in Fig. 2).  13  The diameter varies from 25  to 35 microns and the 
length from 200 to 300 microns.  The thickness of the  cell  wall 14 is not over 3 
microns. 
In most of the filaments  no nucleus could be demonstrated  by killing with 
0.33 M acetic acid and staining with eosin or with Heidenhain's iron hematoxy- 
lin.  Photographs  of these  filaments  bY ultraviolet  light  (2537  ,~.)  failed  to 
reveal a  nucleus but  showed good absorption  by the  chloroplast.  I  wish to 
thank Dr. G. I. Lavin for making these photographs. 
In a few filaments, however, a nucleus, more or less typical, could be demon- 
strated.  In other cases the nucleus may adhere to the chloroplast and thus be 
difficult to demonstrate. 
The chloroplast appears bright by dark-field illumination and is more highly 
refractive than its immediate surroundings. 
12 Cf. 0sterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933-34, 17, 87. 
13 Perhaps more than  one species is present but  if so their  reactions were  quite 
similar. 
14 The longitudinal cell wall is regarded as consisting of three layers, the two inner 
of cellulose and the outer of pectose: the end wall is regarded as pectose with a layer of 
cellulose on each side of it.  Cf. Smith, G. M., Fresh-water algae of the United States, 
New York, McGraw-Hill Book Co., Inc., 1st edition, 1933, 554. w.  J.  v.  OSTEgHOUI  77 
The chloroplast appears to lie between the outer (X) and inner (Y) surfaces 
of the protoplasm, as in NileUa.  De Vriese locates it in this position on the basis 
of plasmolytic experiments.  The fact that salts, such as BaCh, do not produce 
contraction  at  once  may  indicate  that  time is  required to  penetrate  and 
reach the chloroplast.  The X and Y surfaces remain in place; no plasmolysis 
occurs. 
The chloroplast is a clear, green ribbon spirally coiled.  It has pyrenoids at 
regular intervals (these are not shown in the figure).  The width of the ribbon 
varies greatly but does not, as a rule, exceed 10 microns•  The edges may be 
smooth or greatly crenated or serrulated. 
A convenient method of observing contraction is by means of BaCI~.  When 
0.01 •  BaCh is applied contraction may begin within a few minutes but the time 
varies g~eatly (in some cases no contraction occurs).  The contraction may be- 
gin by a withdrawal of the ends of the chloroplast so that the distance between 
them and the end walls increases.  The main contraction, however, consists in a 
shortening of each coil.  This involves a loosening of the chloroplast from the 
protoplasm which remains in contact with the cell wall.  This may continue 
until the chloroplast has become fairly straight (as in Fig. 2).  When this is the 
case the length of the chloroplast may be reduced to 20 per cent or less of the 
normal and at the same time the width of the ribbon may decrease.  Hence 
unless the thickness of the ribbon, measured in a  direction perpendicular to 
the cellulose wall, has increased at least 5 times there must have been a loss of 
volume.  In many cases it is easy to ascertain by focussing that no such increase 
in thickness has occurred so that we may say that there is a loss of volume. 
This means that water has been given up to the other parts of the cell.  This 
applies to such ceils as show contraction in their natural environment as well 
as to those in which it is produced by experimental treatment.  This contrac- 
tion occurs while the cell is still alive, as evidenced by plasmolysis and by the 
fact that acid fuchsin and eosin do not enter. 
When the contraction is less extensive it may be difficult to determine whether 
a  loss of volume has occurred.  Scarth  15 states that it occurs in certain cells, 
especially under the influence of heat, acetone, and alcohol, but that in some 
cases the volume may remain constant or show a slight increase. 
In our experiments there was no evidence of reversibility of the contraction 
when the cells were removed from the reagent and allowed to stand in water. 
Scarth speaks of reversibility in some cases but this required several days. 
SUMMARY 
Chloroplasts may contract under natural conditions and give up water to the 
rest of the cell, thus indicating changes ill metabolism or constitution.  Such 
contractions may be produced experimentally. 
15 Scarth, G. W., Quart. J. Exp. Physiol., 1924,14, 107. 78  WATER  RELATIONS  IN  THE  CELL.  I 
In Nitella the chloroplasts are ellipsoid bodies which, under natural condi- 
tions, may contract to spheres with a  loss of volume.  This may be brought 
about by lead acetate, ferric chloride, and digitonin: the contraction may occur 
while the cell is alive.  The contraction in lead acetate is reversible (in lead 
nitrate  Utile  or no  contraction occurs). 
In Spirogyra the chloroplast is a long, spirally coiled ribbon which may con- 
tract under natural  conditions to a  short nearly straight rod with  a  loss of 
volume.  This can be brought about by inorganic salts and in other ways while 
the cell is still alive. 